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Livestock pathsQuartz ﬁelds are rare features that contribute signiﬁcantly to vegetation diversity and endemism of South Africa's
Succulent Karoo Biome. The Riethuis-Wallekraal quartz ﬁelds in the north-western Namaqualand area of
South Africa contain 17 quartz ﬁeld specialist species of which seven are endemic to this speciﬁc area. Hoof-
action by livestock has formed paths of approximately 0.30 m on these quartz ﬁelds. It would be important to
conservationists to understand whether direct (e.g. trampling) and indirect effects (e.g. burial of ﬂora by sedi-
ment movement) associated with the livestock paths holds any threat to the dwarf succulent (b0.05 m) and
micro-chamaephytes (0.06–0.15 m) endemic to the quartz ﬁelds. We tested the hypotheses that the unique
quartz ﬁeld vegetation and biological soil crusts would be affected by loose soil particles transported downslope
from the paths. The soil stability index, total vegetation cover, cover of specialized quartz ﬁeld species and species
diversity were lower on livestock paths but did not differ between upslope and downslope locations. Livestock
paths also had lower cover and fewer quartz ﬁeld specialist species. It is concluded that under conditions of in-
tense and continuous grazing, livestock are likely to have an even stronger negative impact on the specialist
quartz ﬁeld ﬂora.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
The Succulent Karoo is a biodiversity hotspot in the semi-aridwinter
rainfall region of southern Africa, which contains a high proportion of
endemic plant species (Myers et al., 2000). Quartz ﬁelds are rare fea-
tures of South Africa's Succulent Karoo Biome as they are represented
in only ﬁve of the biome's 63 vegetation units and cover less than 8%
of the biome's 111,000 km2 surface area (Mucina et al., 2006). Despite
their small area, quartz ﬁelds contribute signiﬁcantly to plant diversity
and endemism in the Succulent Karoo as 155 (10%) of its 1600 endemic
species are restricted to quartz ﬁelds (Schmiedel, 2004). The dwarf
vegetation of quartz ﬁelds contains growth forms and species very dif-
ferent from surrounding non-quartz ﬁeld habitats (Schmiedel, 2002).
Microclimate conditions also differ from the surroundings in that the
surface covering of angular white stones gives rise to lower air temper-
atures at the soil surface (Schmiedel and Jürgens, 2004).573, South Africa. Tel.: +27 72
onder), renukaroo@gmail.com
hts reserved.Geographic separation of quartz ﬁelds has resulted in high levels of
plant compositional turnover resulting in six quartz ﬁeld regions being
recognized namely, Little Karoo, Knersvlakte, Riethuis-Wallekraal,
Northern Richtersveld, Southern Richtersveld and Bushmanland-
Warmbad (Schmiedel, 2004). The Riethuis-Wallekraal quartz ﬁelds
occur on the lowlands of the Namaqualand region in north-western
South Africa. This quartz ﬁeld area contains 17 quartz ﬁeld specialist
species belonging to the Asteraceae and Crassulaceae as well as to the
Mesembryanthema group within the Aizoaceae. Seven species are re-
stricted to these quartz ﬁelds (Schmiedel, 2004).
Livestock farming is the dominant land use in the Succulent Karoo
(Hoffman et al., 1999). It is likely that prolonged livestock hoof ac-
tion would have impacted the biological soil crusts of the Riethuis-
Wallekraal quartz ﬁelds and that this should be noticeable when
indexing soil aggregate stability. A study by Kaltenecker et al. (1999)
found signiﬁcant biological soil crust recovery after livestock exclusion
in Sagewood plant communities in the arid winter rainfall region of
the United States of America. Concostrina-Zubiri et al. (2013) also sug-
gest that heavy grazing by livestock may alter biological soil crust pat-
terns in rangeland landscapes. Biological soil crusts, especially those
types at the late succession stage, are indicators of healthy and stable
soils as they contribute to soil organic matter, the binding of soil parti-
cles (Belnap et al., 2001a), as well as resistance to water and wind ero-
sion (McKenna-Neuman et al., 1996; Eldridge and Leys, 2003).
Fig. 2. Crassula alstonii a dwarf succulent vulnerable to livestock trampling and soil burial.
Photo: Carlo Van Tonder.
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study area (pers. obs.). It can be expected that changes in biological
soil crust composition and functioning, as a result of livestock distur-
bance on the Riethuis-Wallekraal quartz ﬁelds, will be reﬂected in its
vegetation composition. Biological soil crusts are beneﬁcial for plants
as they ﬁx atmospheric nitrogen (Aranibar et al., 2003)making this lim-
iting nutrient available to shallow-rooted plants such as quartz ﬁeld
specialists. The destruction of biological soil crusts may also facilitate
the establishment of invasive plant species (Hernandez and Sandquist,
2011).
Beside possible damage to biological soil crusts, other likely conse-
quences of trampling are physical damage to plants, soil compaction
and accelerated soil erosion. Soil compaction alters soil structure and
hydrology which can affect water absorption by plants (Kozlowski,
1999). Depending on the intensity and period of livestock stocking
rates these factors can cause vegetation change, as has been observed
along a piosphere in the Tanqua Karoo part of the Succulent Karoo
biome (Beukes and Ellis, 2003). Haarmeyer et al. (2010) found that in-
tense stocking of livestock reduced species richness and the abundance
of endemic species on quartz ﬁeld vegetation.
Livestock paths approximately 0.30 m wide are present on the
Riethuis-Wallekraal quartz ﬁelds (Fig. 1). These paths are seemingly
denuded of vegetation and appear to have more exposed soil than
areas away from livestock paths. Smooth surfaces will offer less resis-
tance to wind andwater erosion, and loose soil particles are more likely
to be displaced by such erosion forces. More than half of the Riethuis-
Wallekraal endemic quartz ﬁeld ﬂora are dwarf succulents b0.05 m in
height (Schmiedel, 2002) (refer to Appendix 1 that lists the ﬂora
endemic to the Riethuis-Wallkekraal quartz ﬁelds and their growth
forms). Because of the undulating terrain on which the Riethuis-
Wallekraal quartz ﬁelds are located, we sampled quartz ﬁeld vegetation
and soil aggregate stability upslope and downslope of the paths. Loose
soil particles dislodged by livestock hoof action are expected to move
downslope during rain and such soil deposition could be to the detri-
ment to the unique quartz ﬁeld vegetation. Burial of dwarf succulent
plants is likely to have negative impacts on their growth and survival.
Fig. 2 shows a typical example of a dwarf succulent species of theFig. 1. A livestock path formed on a quartz p
Photo: Carlo Van Tonder.Riethuis-Wallkeraal quartz ﬁelds that is vulnerable to trampling and
soil burial. Of concern to conservationists is whether plant species
unique to quartz ﬁeld vegetation will be able to persist in the face of
livestock pressures.atch in the Riethuis-Wallekraal region.
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paths on theRiethuisWallekraal quartz ﬁelds and their potential impact
on species composition:
1. Livestock hoof action affects the soil stability on livestock paths and
indirectly also soil stability downslope;
2. Quartz ﬁeld vegetation is less diverse on livestock paths and on the
adjacent quartz ﬁeld area downslope;
3. Endemic quartzﬁeld ﬂora speciﬁc to quartz ﬁelds is absent from live-
stock paths and the adjacent quartz ﬁeld area downslope.
2. Study area
The study was carried out in the Riethuis section of the Namaqua
National Park (29°54′–30°11′ South, 17°20′–17°48′ East). Previous
landuse of the area included farming with small stock (Dorper sheep)
which was removed during 1999 when ownership was transferred to
theNamaquaNational Park (MatthewNorval, personal communication,
June 2014). The stocking rate of sheep by the previous landowner is
unknown, but was probably relatively light, at least in comparison to
adjacent communally-owned areas. The former National Department
of Agriculture's 1993map estimates that the grazing capacity for this re-
gion is 31–45 ha per animal unit.
The study area contains a signiﬁcant proportion (25%) of the
Riethuis-Wallekraal Quartz Vygieveld (SKs10) which is one of 63 vege-
tation units recognized in the Succulent Karoo (Mucina and Rutherford,
2006). The Riethuis-Wallekraal quartz ﬁeld vegetation is dominated
by low growing leaf-succulents with species belonging to mainly the
Asteraceae and Crassulaceae as well as the Mesembryanthema group
within the Aizoaceae family (Schmiedel, 2004). The landscape of
the Riethuis-Wallekraal quartz ﬁelds is characterized by low-lying un-
dulating hills with scattered gneiss outcrops (Watkeys, 1999). Quartz
ﬁeld sizes range from 10 to more than 100 m in diameter and are cov-
ered with white angular stones, 0.02–0.60 m in size that have weath-
ered from quartz bedrock or quartz veins (Schmiedel and Jürgens,
1999). The mean annual rainfall for a farm close to the study area
(approximately 10 km away) is 137 mm, range: 65–188 mm from
1983 to 2004 (D. Van Niekerk, personal communication, 4 October,
2005). Rainfall is concentrated in the winter months. Temperatures in
winter are relatively mild with minimum temperatures above 0 °C
whereas summers are hot and dry with maximum temperatures often
reaching 35 °C (Desmet and Cowling, 1999).
3. Methods
3.1. Plot layout and vegetation sampling
Fieldworkwas carried out fromMay to July 2005. Plotswere laid out
for sampling vegetation upslope of, downslope of, and on livestock
paths. Thus a natural experimental design was followed whereby the
effects of each treatment were tested and therefore could not be ran-
domly allocated. Plots on the livestock paths covered the width of the
livestock paths and were ﬂanked by the upslope and downslope plots.
The underlying assumption is that hoof action destabilizes soil on
paths. It was expected that sediment transported downslope by rain
or dislodged by hoof-action resulting from livestock activity would re-
sult in burial of dwarf ﬂora and biological soil crusts. Off-path impacts
of livestock on soil and vegetationwere therefore expected to be greater
below than above the path. For each plot the step point method (Evans
and Love, 1957)was used to record presence or absence of plant species
along a series of transects.
Two quartz ﬁelds located approximately 300 m apart, with a gently
sloping (2–3°) north-facing aspect were sampled. Within each quartz
ﬁeld three plots were laid out per treatment, which differed in distances
from one another (range approximately 5–45 m). The three treatments
consisted of upslope, livestock path and downslope plots. In total therewere six replicates per treatment. Transects within plots were spaced
0.5 m apart and each was 10 m long. Points along each transect were
sampled every 0.2 m. As the livestock paths do not follow a straight
line only points actually on the livestock path were sampled. The di-
mensions, number of transects and number of points for the three re-
spective plots were as follows:
• Upslope plots: 5 m × 10 m, 10 transects, 500 points sampled per plot,
replicated three times on two quartz ﬁelds = 3000 points.
• Downslope plots: 3 m × 10 m, 6 transects, 300 points sampled per
plot, replicated three times on two quartz ﬁelds = 1800 points.
• Livestock path plots: 0.3 m × 10m, 3 transects, the following number
of points were located on livestock paths: 51, 62, 71, 53, 37 and 50=
324 points.
Plant species nomenclature followed that of Germishuizen and
Meyer (2003). Species richness was expressed as number of species
per total number of points recorded. In order to get a measure of vege-
tation cover itwas recognized that the probability of encountering small
plants (b0.02 m in width) on a point sample is low; therefore, in the
event of no plant being present at a point, the nearest dwarf succulent
within a 0.10 m radius of the point was recorded. It is important to un-
derstand that this led to an over estimation of dwarf succulent cover
and, therefore, cannot directly be compared to cover for the other
growth forms. Total cover estimation and cover estimation by growth
form were expressed as a percentage of the total number of points per
plot.
Total species richness and specialist quartz ﬁeld species richness
were calculated by tallying the number of species per total number of
points recorded per plot. Species diversity for each plot was calculated
by using the Shannon–Wiener diversity index (Zar, 1984).
3.2. Soil stability index
In order to quantify soil stability the slake test (Tongway and
Hindley, 2004) was performed. Six replicates were completed for each
of the three treatments within the same plots as for the vegetation sam-
pling. A replicate consisted of a plot with 10 × 10 m transects spaced
0.5m apart. One slake test was performed in themiddle of each transect
for the upslope and downslope replicates. For the livestock path repli-
cate a slake test performed along the length of each livestock path at
0.5 m intervals. The following number of slake tests were performed
per treatment:
• Upslope replicates: 10 transects per replicate = 10 slake tests, repli-
cated 6 times = 60 slake tests.
• Downslope replicates: 6 transects per replicate = 6 slake tests, repli-
cated 6 times = 36 slake tests.
• Livestock path replicates: 6 transects per replicate = 10 slake tests,
replicated 6 times = 60 slake tests.
The objective of the slake test was to assess the stability of natural
soil fragments to rapid wetting (Tongway and Hindley, 2004).
Performing the slake test involved lifting a standard sized (approxi-
mately 1 cm3) soil crust fragment from the soil crust and observing its
behavior after being immersed in rainwater. The behavior of the soil
crust was indexed according to the time taken for the soil crust frag-
ment to dissolve and/or the size of soil crust fragment that slumped
(Table 1).
3.3. Statistical analysis
One-way analysis of variance (ANOVA) (Zar, 1984) was used to test
for differences between means for the soil stability index, vegetation
diversity and plant cover. Data were tested for normality using the
Kolmogorov–Smirnov test; all data sets were normally distributed.
STATISTICA computer software was used to perform statistical analysis
(StatSoft, Inc., 2004).
Table 3
Mean values (±standard deviation) for the soil stability index, ShannonWiener diversity
index and plant cover categories for the three respective treatments. Post-hoc Scheffés
tests were used to determine differences between group means (95% conﬁdence limit).
Identical superscripts indicate that means do not differ.
Variable Upslope Downslope Livestock paths
Soil stability index 3.76a ± 0.17 3.56a ± 0.27 0.88b ± 0.13
Species diversity index 0.92a ± 0.12 1.00a ± 0.07 0.66b ± 0.08
Total plant cover 34.43a ± 10.81 35.78a ± 8.82 14.33b ± 9.41
Quart ﬁeld specialist plant
cover
12.76ab ± 5.50 18.89a ± 9.18 5.12b ± 5.94
Dwarf succulent cover 5.93a ± 5.97 4.80a ± 3.25 2.23a ± 2.12
Table 1
Classiﬁcation of soil crust fragment behavior for the slake test used as an indication of soil
stability (Tongway and Hindley, 2004).
Soil crust fragment behavior Soil stability
index
No coherent fragments available e.g. sand 0
Fragment collapses in less then 5 s 1
Fragment substantially collapses within 5–10 s; a thin surface
crust remains. N50% of the sub-crust material slumps
2
Surface crust remains intact with some slumping of the
sub-crust but less then 50%
3
Whole fragment remains intact with no swelling 4
22 C. Van Tonder et al. / South African Journal of Botany 95 (2014) 19–234. Results
A total of 61 species were recorded with 12 of these being quartz
ﬁeld specialist species (Table 2). Five species endemic to the Riethuis-
Wallekraal quartz ﬁeld species were found. A total of nine specialist
quartz ﬁeld species was found on upslope and downslope locations, re-
spectively, with one species unique to each location (Table 2). Fewer
(6) specialist quartz ﬁeld species were recorded on livestock paths.
The soil stability index for samples taken on the livestock paths was
signiﬁcantly lower (ANOVA: F(2,12) = 327.20, p b 0.01) than for sam-
ples taken up or down slope from the path, but did not differ signiﬁcant-
ly between plots sampled above and below the paths (Table 3).
Plant species diversity recorded on the livestock paths was signiﬁ-
cantly lower (ANOVA: F(2,15) = 9.18, p b 0.01) than for the points off
livestock paths, but did not differ signiﬁcantly between plots sampled
above and below the paths (Table 3). Total plant cover recorded on
the livestock paths was signiﬁcantly lower (ANOVA: F(2,14) = 8.06,
p b 0.01) than for the points off livestock paths, but did not differ signif-
icantly between plots sampled above and below the paths (Table 3). The
total cover of quartz ﬁeld specialist species recorded on the livestock
paths was signiﬁcantly lower (ANOVA: F(2,13) = 4.91, p b 0.05) than
for the points off livestock paths; however, upslope quartz ﬁeld special-
ist species cover was intermediate between the two other positions
(Table 3). Dwarf succulent cover was lower for the livestock paths com-
pared to upslope and downslope (Table 3); however, this difference
was not statistically signiﬁcant (ANOVA: F(2,14) = 1.24 p = 0.32).
5. Discussion
5.1. Soil stability
The livestock paths on the study site were characterized by low soil
stability indices, interpreted to be a consequence of fragmentation of bi-
ological soil crusts on the soil surface caused by livestock trampling. In
the semi-arid Nama Karoo and Succulent Karoo biomes of South Africa
the inﬂuence of livestock trampling is manifested by negative trends
observed in soil absorption rates (Dean, 1992) and under extreme inﬂu-
ence, a shift in biological soil crust composition (Rutherford and Powrie,Table 2
Specialist quartz ﬁeld plant species recorded per treatment (X = presence of species).
Taxon Upslope Downslope Livestock
paths
Aspazoma amplectens X X
Conophytum concavuma X X X
Conophytum obscurum subsp. vitreopapilluma X X
Crassula alstonii X X X
Crassula barklyi X
Dicrocaulon ramulosuma X
Jacobsenia vaginata X X X
Meyerophytum globosuma X X X
Meyerophytum meyeri X X X
Monilaria scutata subsp. obovataa X X X
a Endemic to the Riethuis-Wallekraal quartz ﬁelds (according to Schmiedel, 2004).2010). We believe that the biological soil crusts on the livestock paths
in our study area were altered sufﬁciently to reduce soil stability. Our
argument is supported by Belnap and Eldridge (2001) who described
the disturbance and recovery of biological soil crusts by looking at
research conducted across theworld. They state thatmechanical distur-
bance such as trampling by livestock, people and vehicles are known to
cause severe compositional changes of biological soil crusts. Biological
soil crusts are important for stabilizing soils by increasing resistance to
wind and water erosion (McKenna-Neuman et al., 1996; Eldridge and
Leys, 2003). Changes in biological soil crust composition are critical as
there is a resistance gradient to disturbance through the stages of
biological soil crust succession based on morphological and reproduc-
tive attributes (Belnap et al., 2001b). For example, cyanobacteria that
occur at an early successional stage are more tolerant to disturbance
than certain late succession mosses and lichens but provide less protec-
tion against disturbances (Belnap et al., 2001b).
5.2. Plant diversity
Having already shown that the livestock paths in this study have low
soil stability it is signiﬁcant that Pohl et al. (2009) demonstrated a pos-
itive relationship between plant diversity and soil aggregate stability in
an alpine environment. They argued that different plant growth forms
have different root systems and because of this structural variability,
play an important role in soil stabilization. Most leaf-succulent plants
of the Succulent Karoo have fairly uniform structure and relatively shal-
low (b20 cmdeep) root systems (Esler and Rundel, 1999) with those of
quartz ﬁeld vegetation considered to be even more limited in structure
and depth (Schmiedel, 2002). The role of root systems of quartz ﬁeld
ﬂora is therefore believed to have a limited role in supporting the forma-
tion of stable soils on quartz ﬁelds.
Quartz ﬁelds are generally small (approximately 10 to 100 m diam-
eter) and the associated vegetation differsmarkedly from the taller veg-
etation that is on adjacent substrata (Schmiedel, 2002). It would be
incorrect to assume that not much time and energy would be spent by
livestock to forage on quartz ﬁelds, due to the small size of the plants
and the absence of more palatable and accessible growth forms such
as shrubs, grasses and annual forbs. Indeed, Haarmeyer et al. (2010)
showed that quartz ﬁeld vegetation is utilized by small livestock
under high stocking rates. Our study found signiﬁcant differences in
plant species diversity and soil stability on and off livestock paths, but
no consistent differences between upslope and downslope locations.
This suggests that impacts were limited to livestock paths only and
not downslope sites, as predicted.
5.3. Quartz ﬁeld speciﬁc species
Haarmeyer et al. (2010) have shown that the abundance and species
richness of certain endemic quartz ﬁeld species decreased under heavy
grazing by livestock irrespective of rotational or continuous grazing
regimes. In our study we found fewer quartz ﬁeld specialists on the
livestock paths. Our results suggest that the transformation of soil
properties, and hence the edaphic microenvironment, as a result of
23C. Van Tonder et al. / South African Journal of Botany 95 (2014) 19–23the livestock path formation happened at a small scale and played a lim-
ited role in reducing quartz ﬁeld taxa overall. However, it is important to
note that in the current study the past stocking rate is unknown, but
being a commercial farm — is likely to be lower than in communal
areas where the heaviest impacts of livestock on plant community
structure have been recorded (Allsopp, 1999; Todd and Hoffman,
1999; Riginos and Hoffman, 2003).
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Appendix 1. Specialist quartz ﬁeld taxa of the Riethuis-Wallekraal
phytochorion and their growth forms (adapted from
Schmiedel, 2004)Taxon Family Growth form
Crassula alstoniiMarloth Crassulaceae Dwarf succulent
Crassula barklyi N.E.Br. Crassulaceae Dwarf succulent
Crassula columnaris Thunb. ssp. prolifera
Friedrich
Crassulaceae Dwarf succulent
Crassula susannae Rauh & Friedrich Crassulaceae Dwarf succulent
Aspazoma amplectens (L.Bolus) N.E.Br. Aizoaceae Micro-chamaephyte
Conophytum concavum L.Bolus Aizoaceae Dwarf succulent
Conophytum obscurum N.E.Br. ssp.
vitreopapillum
(Rawe) S.A. Hammer
Aizoaceae Dwarf succulent
Dicrocaulon ramulosum (L.Bolus) Ihlenf. Aizoaceae Micro-chamaephyte
Jacobsenia vaginata (L.Bolus) Ihlenf. Aizoaceae Micro-chamaephyte
Meyerophytum globosum (L.Bolus) Ihlenf. Aizoaceae Micro-chamaephyte
Meyerophytum meyeri (Schwantes)
Schwantes
Aizoaceae Micro-chamaephyte
Monilaria scutata (L.Bolus) Schwantes
ssp. obovata
Ihlenf. & Jörg.
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